history, and for scattered insulitis in a proportion ofpatients.
The loss-of islets might hypothetically result from (1) congenital deficiency, (2) 'overwork atrophy' of normal islets due to excessive stimulation as a result of extrapancreatic diabetogenic factors, (3) viral infection, (4) autoimmune destruction.
Hypothesis (1) is difficult to refute, but the histological findings suggest it is unlikely, i.e. in some fatal cases the number is not reduced, in others many of the surviving islets are atrophic rather than missing. Hypothesis (2) is popular; to me it seems unlikely, since most endocrine glands respond to excessive maintained stimulation by marked hyperplasia rather than by atrophy. Hypothesis (3), supported by epidemiological studies (Gamble etal. 1973) , might underlie the insulitis found in a proportion of patients.
Hypothesis (4), suggested by immunological studies (Goldstein et al. 1970 , Irvine et al. 1970 and Nerup et al. 1971 , is not fully supported by the histological findings, i.e. the absence of plasma cells in the infiltrate and the total absence of insulitis in chronic cases.
The main functional lesion is the failure of normal beta-cell regeneration in the face of the hyperglycxcmic stimulus. The direct basis of this is unknown but can be regarded as the essential islet cell abnormality, possibly inherited, in juvenile diabetes. The end result is atrophy and loss of islets which might be accelerated by excessive functional demands and in some cases precipitated by viral infection. The finding of excessive prevalence of thyroid and gastric autoantibodies in juvenile diabetes is intriguing and, though suggestive of a common factor in genetic make-up, does not thereby necessarily indicate that juvenile diabetes is an organ-specific autoimmune disease.
Dr D R Gamble
(The Public Health Laboratory, West Park Hospital, Epsom, Surrey)
Viral and Epidemiological Studies
A number of viruses can produce pancreatitis in man and animals and in some cases this may be followed by diabetes. We have recently reported diabetes in CD-1 mice following Coxsackie B4 virus infection and these animals showed lymphocytic infiltration of the islets of Langerhans, and B cell degranulation and degeneration (Coleman et al. 1973 ). Similar changes have been described in mice with diabetes induced by encephalocarditis virus (Craighead & McLane 1968) , and the similarity of these changes to those seen in fatal cases of insulin-dependent diabetes in children (Gepts 1972) suggests the possibility of a viral etiology in human diabetes. A seasonal variation in incidence of juvenile diabetes has been reported (Adams 1926 ) and our recent studies have confirmed this seasonal pattern (Fig 1) . Incidence varies with an autumn peak about October and a winter peak from December to March. This implies the presence of seasonal, environmental etiological factors and virus infection seems a likely candidate. The age incidence (Fig 2) increases erratically from birth to a peak at 11-12 years and there may be secondary peaks at 5, and 8-9 years. These peaks may be related to school entry at 4-5 years, transfer to junior school at 7-8 years, and to secondary school at 11-12 years (Fig 2) . At these ages, susceptible and infected children are mixed and waves of infection might be expected. The high incidence of Coxsackie B and mumps virus infection in 5-6-year-old children is probably explained in this way.
Direct experimental verification of this suggestion is difficult but our recent epidemiological
If the onset of diabetes is related to school entry, children who start school younger than usual should develop diabetes early. Fig 3 shows that the maximum incidence in children who start school at 5 years occurs at 11-12 years, but at 5 years in those who start school at age 3 or less. Children who start school at age 4 have, an These incidence data also suggest that children who start school at age 3 or 4 have a relatively high incidence in their first school year, whereas those who start at 5 do not. This phenomenon may also be related to virus infection since we know that certain viruses, particularly enteroviruses, spread with extraordinary facility among infants in nurseries and institutions.
The second wave of diabetes seems to occur in children aged 5 who started school at less than 5, when they are joined by those who start at 5; but the latter children, who are exposed to the same environment, have a relatively low incidence in their first school year. Presumably, an environmental factor is present in school life before the age of 5. Virus infections in this period may produce cumulative pancreatic damage leading eventually to diabetes after further infections at the age of 5 or 6. Similarly, in children who start school at 5 cumulative infections may lead to diabetes in later years.
Although these epidemiological features could result from other influences, virus infection may provide the most plausible explanation. Moreover virus induced diabetes in animals, and evidence of an excess of Coxsackie B4 virus antibodies in juvenile diabetics give circumstantial support to this idea.
If diabetes is precipitated by virus infection,
what is the significance of the lymphocytic infiltration of the islets of Langerhans in human and animal diabetes? Is it a harmless coincidental response to virus infection, or is it an autoaggressive phenomenon playing an essential part in the pathogenesis of diabetes ? T cell activity is usually directed against viruses which bud from the host cell surface and such viruses might well provoke an autoaggressive immune response since they possess antigens derived from the host cell. The available evidence however suggests that, if viruses induce diabetes, enteroviruses may be the most likely candidates. These viruses are liberated by destruction of the host cell; they are not budded from the cell surface and there is no evidence that they possess host-derived antigen, or antigen which crossreacts with host cells. Since their method of replication is to divert host protein and nucleic acid synthesis to the production of viral componentsleading eventually to destruction of the cellthere would seem to be little need to invoke the agency of an autoaggressive immunological process to account for reduced insulin synthesis. In any case I suspect that it all happens too quickly.
The seasonal pattern of juvenile diabetes suggests that, if it has an autoimmune basis, the process is triggered by a seasonal factorand a virus infection would probably be the most likely seasonal trigger. Since I have argued that diabetes may sometimes result from a number of infections producing cumulative pancreatic damage, at what stage would autoimmunity develop ? One would expect the autoimmune process to be a self-feeding mechanism, and once triggered, the resulting tissue damage would sustain the process. One might therefore expect that the first infection to damage the pancreas would start the process. If diabetes then followed rapidly it would be inconsistent with my suggestion of multiple infections to explain the epidemiological features. If, on the other hand, diabetes developed slowly over a long period, the seasonal incidence of the initial virus infection would probably be obscured and would not be reflected in the incidence of diabetes.
Finally, there is not much evidence of any gross abnormality in the immunological response of diabetics to infection. Their response to most virusesincluding most of the coxsackievirusesappears to follow the usual pattern. Is it likely that an inherited immunological defect would manifest itself in response to a particular virus? or is it more likely that there is an inherited susceptibility of the islet cells to particular viruses ?
In conclusion, although I have suggested in discussion that the immune response may not be of pathogenic significance in diabetes, we must keep an open mind. While I think that this may be true in virus-induced experimental diabetes in animals, the animal model may not be relevant to the human disease.
